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(71) We, Feruanti Limited, a Com- 
pany registered under the Laws of Great 
Britain, of Hollinwood in the County of 
Lancaster, do hereby declare the invention 
for which we pray that a patent mav be 
granted to us, and the method bv which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: 

^This^ invention relates to the construction 
Oi packages in which semiconductor devices 
are to be sealed. 

It is an object of the present invention 
to provide for a semiconductor device a 
novel and advantageous package construc- 
tion. 

According to the present invention a pack- 
age construction for a semiconductor device 
includes a sub-assembly unit having a metal 
support to which the semiconductor device 
is to be bonded, conductors initially compris- 
ing a lead frame, and selectively on peripheral 
parts of the support a glass frit layer having 
a composite composition comprising a base 
layer with an affinity for the material of the 
25 support, and on the base laver securing the 
conductors on to the support a glass frit 
coating with a melting point below that of 
the base layer, the composite glass frit layer 
insulating the conductors from the support, 
the package construction also including, to 
seal a semiconductor device bonded to 'the 
support within the package, a metal capping 
member to be secured to the sub-assembly 
unit, on the capping member a base layer 
of a glass frit with an affinity for the material 
of the capping member, and on at least part 
of the base layer an adhesive coating to 
secure the conductors to the cappins mem- 
ber, when so secured the conductors beins 
insulated from the capping member, and the 
support, the capping member and the com- 
posite glass frit layer on the support have 



coefficients of linear expansion substantially 
the same, the package construction being 
such that when a semiconductor device is en- 45 
capsulated within the package an end por- 
tion of each conductor is adjacent to a con- 
tact-bearing face of the semiconductor de- 
vice and electrical interconnections extend 
individually between contacts on the device 50 
and end portions of the conductor adjacent 
to the contacts, and parts of the lead frame 
are removed to isolate the conductors from 
each other. 

According to another aspect the present 55 
invention resides in a packaged semiconduc- 
tor device including a sub-assembly unit and 
a metal capping member as referred to 
above, the device being bonded to the sub- 
assembly unit and the capping member be- 60 
ing secured to the sub-assembly unit, the ar- 
rangement being such that an end portion of 
each contact is adjacent to a contact-bear- 
ing face of the semiconductor device, and 
electrical interconnections are provided to 65 
extend individually between the contacts on 
the device and the end portions of the con- 
ductors. 

The present invention will now be des- 
cribed by way of example with reference to 70 
the accompanying drawings, in which 

Figure 1 is a plan view of a lead frame 
strip used in the fabrication of a package 
construction for a seiniconductor device, 

Figure 2 is a section of the package con- 75 
struction including a lead frame of Figure 
1, and according to one enbodiment of the 
present invention, 

Figure 3 is a section of an alternative 
package construction, go 

Figure 4 is a section of a modification of 
the package construction of Figure 3. and 

Figure 5 is a perspective view of the pack- 
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age construction of Figures 2 or 3 or 4 after 
if has been completed. 

The package construction 10 for a semi- 
conductor device and shown in Figure 2 in- 
5 eludes a lead frame shown in Figure 1. The 
lead frame has fourteen constituent con- 
ductors 12, seven conductors extending from 
each of two opposing sides of a rectangu- 
lar-shaped boundary part 13 of the lead 

10 frame 1 1. The parts 15 or the conductors 12 
remote from the boundary part 13 of the 
lead frame 11 are tapered in width and for 
adjacent conductors are inclined in relation 
to each other, extending to end portions 16 

15 of substantially zero width. The end por- 
tions of each group of seven conductors are 
distributed equally along a line parallel to 
the opposing sides of the boundary part 13 
but of substantially smaller length. 

20 The end portions 16 of the conductors 12 
are secured to the peripheral parts of a 
dished metal support 20, as shown in Figure 
% to form a rigid sub-assembly unit, by a 
glass frit layer of a composite composition, 

25 in the following manner. The support is 
cleaned and oxidised and a base layer 21 
is fired to the selected peripheral parts. A 
coating 22 is then provided on the base layer 
21. The base layer 21 forms part of the 

30 composite glass frit layer and has a high 
melting point in excess of 1000° C and has 
an affinity for the material of the support. 
The coating forms the other part of the com- 
posite glass frit layer and a glass frit with 

35 a significantly lower melting point of 600° C. 
The exposed, oxidised, central part of the 
support 20 is shot-blasted to remove the 
oxide. The central part of the support is 
then selectively silver plated, employing the 

40 composite alass frit layer 21, 22 as a mask, 
and a gold^nake 23 is bonded to the silver. 
The conductors 12 are secured to the sup- 
port by melting the glass frit coating 22 and 
placing the conductor end portions 16 onto 

45 the coating, to complete the sub-assembly 
unit, . . 

A silicon semiconductor device 24 is 
mounted on the rigid sub-assembly unit by 
being alloyed to the gold flake 23, the semi- 

50 conductor device having a contact-bearing 
face remote from the support 20. The ar- 
ranaement is such that the end portions 16 
of the conductors are adjacent to the de- 
vice contacts (not shown). Thin gold wire 

55 leads 25 are bonded by ultrasonic or thermo- 
compression techniques to extend individu- 
ally between each device contact and asso- 
ciated conductor end portions 16. 

A dished metal capping member 26 is 

60 secured to parts of the conductor end por- 
tions 16 spaced from the wires 25. For this 
purpose the capping member 26 has on it a 
"lass frit base layer 27 with a high melting 
point in excess of 1000° C, and with an 

65 affinity for the material of the capping mem- 



ber. The base layer may be the same as the 
base layer on the support. Before firing the 
base layer to the whole of the surface of 
the capping member to be opposite to the 
support 20, this surface of the capping mem- j0 
ber is cleaned and oxidised. The glass frit 
base layer 27 is then partially covered with 
an epoxy resin coating 28, the epoxy resin 
coating being on only the rim parts of the 
capping member. The conductors are 75 
secured to the capping member 26 by curing 
the epoxy resin coating 28. The epoxy resin 
is cured by mixing together its two con- 
stituent parts and heating to a tempera- 
ture of 100'- C. Thus, the semiconductor de- 80 
vice is sealed within the package construc- 
tion, and because of the low curing tempera- 
ture of the coaling the semiconductor device 
23 is not adversely affected when securing 
the cappinq; member to the rigid sub- 85 
assembly unit. Alternatively, the epoxy resin 
coating 28 may cover the whole of the glass 
frit base laver 27. The provision of the glass 
frit base layer on the whole of the surface 
of the capping member opposite to the sup- 90 
port insulates" the gold wire leads 25 from 
the capping member. 

Because"of temperature cycling during the 
fabrication of the package construction and 
when the semiconductor device is being 95 
sealed, or when the packaged device is 
operating under normally-encountered con- 
ditions, it is also desirable that the materials 
of the support, the composite glass frit layer 
on the support, and the capping member 100 
have values for their co-efficients of linear 
expansion substantially the same. Thus, it 
is convenient to have the support and the 
capping member of the same material. The 
co-efficient of linear expansion of the 105 
material of the conductors must not be so 
different from that of the support and the 
capping member, and hence also from that 
of the composite glass frit layer on the sup- 
port, that the seal between the conductors 110 
and the composite glass frit layer is likely 
to be broken. The value of the co-efficients 
of linear expansion of the glass frit base layer 
and of the epoxy resin coating on the cap- 
pins member are of much less importance 115 
in these respects. The material of the sup- 
port is selected so that its co-efficient of 
linear expansion is substantially the same as 
that of the semi-conductor material of the 
device. Thus, when the semiconductor 120 
material is silicon the support and the cap- 
ping member may be of a nickel-iron alloy 
havinc a co-efficient of linear expansion sub- 
stantially the same as that of silicon. 

Another embodiment of the package con- 125 
st ruction according to the present invention 
is shown at 30 in Figure 3. Parts of the 
package construction 30 identical with or 
closely resembling parts of the package con- 
struction 10 are^ given the same reierence 130 
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numbers as the parts of the embodiment 10 
of Figure 2. 

The package construction 30 of Figure 3 
is the same as the package construction 10 
5 of Figure 2 except that the epoxy resin 
coating on the glass frit base layer 27 on 
the capping member 26 is replaced by a 
glass frit coating 31 having a low melting 
point i.e. below 550° C. The conduc- 

10 tors are secured to the capping member 26 
by melting the glass frit coating 31. Thus, 
the semiconductor device is sealed within 
the package construction, and because of 
the low melting point of the coating the 

15 semiconductor device 24 is not adversely 
affected when securing the capping member 
to the rigid sub-assembly unit. The glass 
frit coating is shown provided on the whole 
of the surface of the glass frit base layer 

20 27 on the capping member opposite to the 
support, although it may be on only the 
peripheral, rim parts of the capping mem- 
ber. 

Desirably the glass frit coating 31 on the 

25 capping member has a melting point as low 
as possible, so as to reduce the risk of ad- 
versely affecting the semiconductor device 
when securing the capping member to the 
rigid sub-assembly unit, and for a silicon 

30 semiconductor device must be below 550° C. 
This coating differs from the coating 22 on 
the support. However, it is required only to 
have a slight mismatch between the values 
of the co-efficients of linear expansion of 

35 the support, the capping member, and the 
composite glass frit layers on the support 
and the capping member. Again, it is con- 
venient to have the support and the capping 
member of the same material, although the 

40 composition of the glass frit coating on the 
capping member may influence the com- 
position of the capping member, the sup- 
port and the base glass frit layers. Thus, it 
may be required that the support and the 

45 capping member are of nickel or steel. These 
metals have co-efficients of linear expansion 
sufficiently different from that of silicon for 
an intermediate member of a material with a 
co-efficient of linear expansion close to that 

50 of silicon to be required to be secured be- 
tween the support and the semiconductor 
device. 

A modification of the package construc- 
tion 30 of Figure 3 is indicated at 40 in 

55 Figure 4. Parts of the package construction 
40 identical with or closely resembling parts 
of the package construction 30 are given the 
same reference numbers as the parts of the 
embodiment 30 of Figure 3. 

60 The package construction 40 of Figure 4 is 
the same as the package construction 30 of 
Figure 3 except that a suitable intermediate 
member 41 is provided. The intermediate 
member comprises part of the support, and 

65 is between the other parts of the support 



and the semiconductor device 24, being 
welded to the other parts of the support. 
Such an intermediate member is of a suitable 
alloy of iron-nickel-cobalt. The conductors 
may also be of the iron -nickel -cobalt alloy. 70 

In each illustrated embodiment of pack- 
age constructions according to the present 
invention, the capping member 26 protects 
and does not interfere with the bonds of 
tiie electrical interconnections extending be- 75 
tween the conductors and the device con- 
tacts, and enables the package construction 

10 to be completed by moulding a suitable 
plastics material 50, as shown in Figure 5. 
The plastics material 50 may be an° epoxy 80 
resin or a silicone moulding compound. 
Then the boundary part 13 of the lead frame 

11 is removed to render the conductors 12 
electrically discrete. The discrete conductors 
are bent to form the package construction 85 
shown in Figure 5. 

A package construction according to the 
present invention comprises a structure 
which is easily fabricated and provides re- 
liable seals. The composite glass frit layer 90 
on the support provides the required insu- 
lation between the conductors and the sup- 
port, the base glass frit layer and the ad- 
hesive coaling on the capping member in- 
sulate the conductors from the capping mem- 95 
ber. The compositions of the coatings on the 
base glass frit layers are selected so as not 
to interfere with the base layers. The lead 
frames may not be located on the sup- 
ports with precise accuracy and the cap- 100 
ping member may easily be located on the 
rigid sub-assembly unit. The base glass frit 
layers and the coaangs may easily be pro- 
vided on selected peripheral parts of the "sup- 
port and the capping member. Thus, only 105 
selected parts of the conductors may be 
embedded in the coatings, and it is not re- 
quired to have the coatings in contact with 
the semiconductor device or with the elec- 
trical interconnections betv/een the device 110 
contacts and the adjacent conductor end 
portions. The bonding of the semiconductor 
device to ungJazed parts of the metal sup- 
port ensures that there is a good rate of heat 
transfer from the device to the support dur- 115 
mg operation of the device under normally 
encountered conditions. Hence, the tempera- 
ture of the device operating under such con- 
ditions is kept to a satisfactory low value. 
^ The sub-assembly unit of the support and 120 
the lead frame is inherently rigid and hence 
is easily handled and transported. This rig- 
idity also obviates the necessity of providing 
tie-bars between the constituent conductors 
of the lead frame, especially if the conduc- 125 
tors are of a material having sufficient rig- 
idity for this purpose. 

Instead of employing thin gold wire leads 
lor the electrical interconnections a pre- 
formed pattern of leads may be bonded to 130 
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the conductors and to the device contacts 
to extend therebetween. Hie preformed pat- 
tern of leads may be on a substrate of in- 
sulating material. 
5 The support and the capping member 
may have any convenient shape. 

The lead frames employed in the fabrica- 
tion of package constructions according to 
the present invention may be initially in the 
10 form of a strip as shown in Figure 1. The 
fabrication of the package constructions and 
the hermetic sealing of the semiconductor 
devices may be effected in bath processes, 
especially because of the intermediate forma- 
ts tion of a rigid sub-assembly unit. Suction 
means for positioning the semiconductor de- 
, vices on the supports, severing means, 
moulding apparatus and indexing ap- 
paratus all may be embodied in automatic 
20 apparatus to enable the processes to be 
completed automatically. 

WHAT WE CLAIM IS: — 
1. A package construction for a semi- 
conductor device including a sub-assembly 

25 unit having a metal support to which the 
semiconductor device is to be bonded, con- 
ductors initially comprising a lead frame, 
and selectively on peripheral parts of the 
support a glass frit layer having a CGm- 

30 posite composition comprising a base layer 
with an affinity for the material of the sup- 
port, and on the base layer securing the con- 
ductors onto the support a glass frit coat- 
ing with a melting point be!o\v that of the 

35 base layer, the composite glass frit layer in- 
sulating the conductors from the support, 
the package cons true tion also including, to 
seal semiconductor device bonded to the"sup- 
port within the package, a metal capping 

40 member to be secured to the sub-assembly 
unit, on the capping member a base layer 
of a glass frit with an affinity for the 
material of the capping member, and on at 
least part of the base layer and adhesive 

45 coating to secure the conductors to 
the capping member, when so secured 
the conductors being insulated from the cap- 
ping member, and the support, the cap- 
ping member and the composite glass frit 

50 layer on the support have co- efficients of 
linear expansion substantially the same, the 
package construction being such that when 
a semiconductor device is encapsulated with- 
in the package an end portion of each con- 

55 ductor is adjacent to a contact-bearing face 
of the semiconductor device and electrical 
interconnections extend individually between 
contacts on the device and end portions of 
the conductors adjacent to the contacts, and 



parts of the lead frame are removed to iso- 60 
late the conductors from each other. 

2. A package construction as claimed in 
claim 1 having an adhesive coating on the 
capping member comprising an epoxy resin 
curable at temperatures below the tempera- 65 
ture at which the device is adversely affected. 

3. A package construction as claimed in 
claim 1 having an adhesive coating on the 
capping member comprising a glass frit with 

a melting point below the temperature at 70 
which the device is adversely affected. 

4. A package construction as claimed in 
claim 1 or claim 2 or claim 3 in which the 
co-efficients of linear expansion of the sup- 
port and the semiconductor material of the 75 
device are substantially the same. 

5. A package construction as claimed in 
claim 1 or claim 2 or claim 3 in which the 
support has a part comprising an intermedi- 
ate member between the other parts of the 80 
support and the semiconductor device, and 

the co-efiicients of linear expansion of the 
intermediate member and the semiconductor 
material of the device are substantially the 
same. 85 

6. A package construction as claimed in 
any one of the preceding claims in which the 
support has a dished shape, and the com- 
posite glass frit layer is on only the rim 
parts of the support. 90 

7. A package construction as claimed in 
any one of the preceding claims in which 
the capping member has a dished shape. 

8. A package construction as claimed in 
any one of the preceding claims in which 95 
the adhesive coating is on only the peri- 
pheral parts of the capping member. 

9. A packaged semiconductor device in- 
cluding a sub-assembly unit and a metal 
capping member as claimed in any one of 100 
the preceding claims, the device being 
bonded to the sub-assembly unit and the cap- 
ping member being secured to the sub- 
assembly unit, the arrangement being such 
that an end portion of each conductor is ad- 105 
jacent to a contact-bearing face of the semi- 
conductor device, and electrical intercon- 
nections are provided to extend individually 
between the contacts on the device and the 
end portions of the conductors. 110 

10. A package construction substantially 
as described herein with reference to Figures 
1 and 5 in combination with either Figure 2 
or Figure 3 or Figure 4 of the accompam 7 - 
ing drawings. 115 

A. R. COOPER, 
Chancred Patent Agent, 
Agent for the Applicants. 
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